Objective We aimed to evaluate racial differences in the clinical features of neuromyelitis optica spectrum disorder.
Neuromyelitis optica spectrum disorder (NMOSD) is a rare, severe, inflammatory, CNS disorder characterized by optic neuritis (ON), longitudinally extensive transverse myelitis, and area postrema syndrome (APS). 1 Recent epidemiologic studies have revealed that NMOSD prevalence varies by race, with a higher prevalence in nonwhite than in white populations. 2, 3 A study conducted in Australia and New Zealand showed that NMOSD was 3 times more prevalent in individuals with Asian ancestry than in the remaining population with predominantly European ancestry. 4 The NMOSD/ multiple sclerosis ratio is reported to be higher in Asia than in Western countries. 5 Therefore, comparative studies across different races are needed to determine whether the epidemiologic differences observed reflect true racial differences in the NMOSD phenotype and prognosis.
Studies investigating the clinical characteristics of NMOSD have been conducted in several countries, including China, 6 Denmark, 7 France, 8 Germany, 9 Iran, 10 Japan, 11, 12 Korea, 13 Spain, 14 Thailand, 15 Turkey, 16 and United Kingdom. 11 However, it is difficult to compare the clinical features between races using the results of these studies because of variability in inclusion criteria, patient selection methods/criteria, and characteristics investigated, and mixed racial groups. A few studies have reported some differences among racial groups in the clinical manifestations and outcome of NMOSD: nonwhite patients had a younger onset age 11 and more attacks involving the brain or brainstem 11, 17 and tended to have worse outcomes (severe motor deficit or visual disability). 11, 14, 18 However, very few studies have been conducted, and they are limited by the relatively small sample sizes, lack of data from multiple country cohorts, and lack of multivariable analysis to investigate true associations among races and outcomes after adjustment for confounding factors. Therefore, the aim of this study was to improve our understanding of the variations of the clinical manifestations and outcomes in NMOSD across different racial groups, categorized as Asian, Afro-American/Afro-European, and Caucasian using data from multiple countries/continents.
Methods

Patients
We included 610 consecutively identified patients with anti-aquaporin-4 (AQP4) antibody-seropositive NMOSD during 2006-2017 and followed at 6 departments of neurology worldwide: University of Southern Denmark (Odense), Charité-University Medicine (Berlin, Germany), Heinrich Heine University (Düsseldorf, Germany), Research Institute and Hospital of National Cancer Center (Goyang, Korea), University of Oxford (UK), The Johns Hopkins University School of Medicine (Baltimore, MD), and Siriraj Hospital, Mahidol University (Bangkok, Thailand) (figure 1). Case ascertainment and data entry were performed between March 2017 and August 2017 by neurologists at each center. All patients were tested for anti-AQP4 antibodies using cell-based or enzyme-linked immunosorbent assays. Seven Hispanic or other/mixed race patients were excluded because of low sample sizes. Finally, 603 patients were included in the study.
We evaluated the following factors: age; sex; ethnicity; type of syndrome (6 core clinical characteristics according to the 2015 criteria 1 ) at onset, at second attack, and at third attack; number of attacks before and after immunosuppressive treatment; severity of the first attack; presence of longitudinally extensive transverse myelitis on MRI at onset (lesion extending more than 3 vertebral segments); brain MRI abnormalities (when an NMOSD-typical brain lesion pattern was observed according to the 2015 criteria 1 ); presence of symptomatic brain attack; time to treatment; treatment duration; type of treatment; concurrent systemic or localized autoimmune disease; and CSF-specific oligoclonal bands. Race was classified as selfidentified (University of Southern Denmark; University of Oxford, UK; The Johns Hopkins University School of Medicine, Baltimore, MD) or subjectively assigned by the hospital administration/physician (Charité-University Medicine, Germany; Heinrich Heine University, Germany; Research Institute and Hospital of National Cancer Center, Korea; Siriraj Hospital, Thailand). A relapse was defined as a new or worsening acute neurologic symptom lasting ≥24 hours and not explained by fever, infection, or metabolic condition. A severe relapse was defined as an Expanded Disability Status Scale (EDSS) score of ≥6.0 at the nadir of the attack, or an increase of ≥0.5 points if the patient had a baseline EDSS score of ≥6.0. 19 In ON cases, a severe relapse was defined as a new worsening of visual acuity ≤0.1 at the nadir of the attack. If baseline vision was light perception, hand motion, or counting fingers, any decrease accompanied with MRI evidence of ON was regarded as a severe relapse. 19 The outcome reached at last follow-up was evaluated by the EDSS score. Severe motor disability was defined as a sustained EDSS score ≥6.0, and severe visual disability was defined as sustained converted visual function scale score (cVFSS) ≥3. Patients were classified into 1 of 3 groups according to age at onset: pediatric onset (age at onset <18 years), young adult onset (age at onset 18-49 years), and late adult onset (age at onset >49 years).
Statistical analysis
Demographic and clinical information was compared across the 3 racial groups. For categorical variables, we used the Pearson χ 2 test, and Fisher exact test was used when the expected values in any of the cells of a contingency table were below 5. For continuous variables following a normal distribution, we performed 1-way analysis of variance and then independent t test was used as post hoc analysis. If a continuous variable did not follow a normal distribution, we applied the Kruskal-Wallis and Mann-Whitney U tests. The KaplanMeier technique was used to estimate the median time from disease onset to severe motor disability (EDSS score ≥6.0). We examined the effect of race on the manifestations of NMOSD using a binary logistic regression model, adjusting for age at onset (pediatric onset, young adult onset, and late adult onset) and sex. To investigate the relationship between race and severe disabilities, we used a binary logistic regression model with an EDSS score ≥6.0 and a cVFSS ≥3 as a binary outcome, while controlling for covariates such as age at onset (as a continuous variable), sex (male vs female), disease duration, number of attacks before and after immunosuppressive treatment, type of syndrome at onset, and country. Backward variable selection method with an elimination criterion of p > 0.05 was applied. To determine whether race affects time from disease onset to the occurrence of severe irreversible disabilities, we analyzed Cox proportional hazard regression model. The models were adjusted for age at onset (as a continuous variable), sex (male vs female), type of syndrome at onset, and whether patients initiated immunosuppressive treatment before attaining severe disabilities. Occurrence of severe irreversible motor (EDSS score ≥6.0) or visual disability (cVFSS ≥3) was the event of interest. Patients who had not yet reached severe disabilities, but were followed for a known period, were right censored. A p value <0.05 was considered statistically significant. All results were analyzed using SAS software, version 9.4 (SAS Institute Inc., Cary, NC) and Stata Statistical software, version 14.2 (StataCorp LP, College Station, TX).
Standard protocol approvals, registrations, and patient consents The data used were anonymized and were shared subject to the individual center's local ethical requirements. The informed consent requirement was waived.
Data availability
Individual deidentified patient data will not be available in a publicly accessible repository to protect the interests of the patients and investigators.
Results
Clinical and demographic data of the 603 patients with a median disease duration of 8 (range: 0.3-38.4) years are summarized in table 1. Of the 603 patients, 304 were Asian, 207 were Caucasian, and 92 were Afro-American/AfroEuropean. Compared with the Caucasian patients, AfroAmerican/Afro-European and Asian patients were younger at disease onset (table 1) (p < 0.001). Late adult onset patients (>49 years of age) were more frequently Caucasian (40%) than Asian (17%) and Afro-American/Afro-European (13%; p < 0.001; figure 2 ). The disease course was recurrent in 511 patients (85%), and 92 patients (15%) experienced only a single attack. Disease duration was longer in patients with recurrent attacks than in patients with a single attack (median Comparison of clinical characteristics and outcomes among racial groups Caucasian patients (54%) were more likely than Asian patients (43%) to have myelitis at the initial presentation (p = 0.04), but they had a lower frequency of brain/brainstem involvement at onset (16%) than Asian (22%) and Afro-American/ Afro-European patients (27%, p = 0.043) (table 1) . AfroAmerican/Afro-European patients (58%) had a severe attack at onset more frequently than Asian (46%) and Caucasian (38%, p = 0.005) patients. The proportion of patients with each of the 6 core clinical features of the 2015 NMOSD criteria (ON, myelitis, APS, brainstem syndrome, diencephalic syndrome, symptomatic cerebral syndrome) 1 during the disease course, excluding cerebral syndrome, did not differ according to race; cerebral syndrome was most frequently observed in Asian (21%) followed by Afro-American/Afro-European (11%) and Caucasian (3%, p < 0.001) patients. When we assumed an unknown anti-AQP4 antibody status, Afro-American/ Afro-European patients (23%) were more likely to fulfill the 2015 criteria than Asian (7%) and Caucasian (12%) patients at onset (p < 0.001), because attacks that involve multiple locations simultaneously at onset were more common in AfroAmerican/Afro-European patients than in other racial groups. Caucasian patients (61%) were less likely to fulfill the 2015 criteria than Asian (72%) and Afro-American/Afro-European (76%) patients after a third attack (p = 0.032), because having a subsequent event in the same location was more common in Caucasian patients than in other racial groups after a third attack. CSF-specific oligoclonal bands were found more frequently in Caucasian (26%) and Afro-American/Afro-European (26%) patients than in Asian patients (13%, p = 0.011).
There was no difference between the racial groups in the proportion of patients who received immunosuppressive treatment. Time from onset to initiation of immunosuppressive treatment was shorter in Afro-American/Afro-European patients (median 1 year) than in Asian patients (median 2.2 years, p = 0.024; table 1). Regarding type of treatment, fewer Caucasian patients (13%) were treated with mycophenolate mofetilas first-line treatment compared to Asian (23%) and AfroAmerican/Afro-European (27%) patients (p = 0.005; table 2). The type of current treatment also differed in rate of azathioprine use: Caucasian patients (34%) used azathioprine more frequently than Afro-American/Afro-European patients (20%,
Expanded Disability Status Scale p = 0.023). All 3 ethnic groups showed reduction in median annualized relapse rate after immunosuppressive treatment (table 2) . Caucasian patients had higher EDSS scores at last follow-up than Asian patients (median 4.0 vs median 3.0, p = 0.039) and higher frequency of EDSS score of 6.0 (32% vs 22%, p = 0.037).
Comparison of clinical characteristics and outcomes by age at disease onset Data available from Dryad (table e-1, doi.org/10.5061/dryad. hs87bk0) show the demographics, clinical characteristics, and outcomes of the 3 groups of patients according to age at onset. The disease duration was shorter in late adult onset patients (p < 0.001) than in pediatric onset and young adult onset patients. Late adult onset patients showed more frequent myelitis (p < 0.001), less frequent ON (p = 0.008) and APS (p = 0.017) at disease onset (p = 0.017), higher proportion with severe motor disability from the first attack (p < 0.001) and at last follow-up (p < 0.001) than pediatric onset and young adult onset patients. These findings were also consistently obtained when we investigated the frequency of these features according to age (in decades) at onset. See data available from Dryad (appendix, doi.org/10.5061/dryad.hs87bk0).
Multivariable analysis of predictors for clinical manifestations and severe disability To investigate whether the different clinical manifestations between races were more affected by differences in age at onset than by differences in race, we conducted multivariable analysis, the results of which are shown in patients who experienced a severe attack at least once was higher in Afro-American/Afro-European than in Caucasian patients (OR 1.885, 95% CI 1.035-3.431).
When all of the examined prognostic factors were included in the multivariable analysis on severe motor disability (EDSS score ≥6.0) at last follow-up, the effect of age was reinforced: older patients appeared to exhibit a higher risk of obtaining an EDSS score of 6.0 (per year) (OR 1.05, 95% CI 1.034-1.067) ( 
Discussion
This is the largest published study comparing clinical manifestations and outcome of NMOSD among 3 major racial groups. Our results confirm that ethnicity influences age at onset and NMOSD phenotype. Asian and Afro-American/ Afro-European patients had a younger mean onset age than Caucasian patients, a higher prevalence of a brain attack at onset as well as during the disease course, and more frequent brain abnormalities on MRI. Afro-American/Afro-European patients were more likely than Asian and Caucasian patients to have a severe attack at onset. Our findings are consistent with the results of studies showing that nonwhite patients tend to have younger onset age and more brain symptoms or MRI abnormalities than white patients. 11, 17, 18 The ethnic disparity in the prevalence of brain attacks during the disease course and severe attacks were not attenuated after adjustment for age at onset and sex.
This study also described several clinical features of NMOSD. While myelitis and ON are predominant manifestations in NMOSD, brain/brainstem attacks occurred in 35% of patients throughout the disease course. Consistent with previous studies, 20, 21 APS occurred mainly at the onset of disease (10% of patients) and in 15% of patients throughout the disease course. However, simultaneous ON and myelitis phenotype at disease onset, which is known as Devic syndrome, was found in only 4% of patients. Recently, anti-myelin oligodendrocyte glycoprotein antibodies have been detected in a subgroup of patients with NMOSD phenotype, and anti-myelin oligodendrocyte glycoprotein antibody-associated inflammatory CNS diseases may account for some cases of Devic syndrome. [22] [23] [24] [25] Despite the notion that NMOSD is characterized by severe attacks leading to visual loss or mobility difficulties, more than half of our patients (55%) did not initially present with a severe attack (visual acuity ≤0.1 in at least one eye or EDSS score ≥6.0 at nadir). Irreversible severe motor and visual disability from the first attack occurred in only 6% and 10% of patients, respectively. This suggests that early initiation of immunosuppressive therapy is likely to prevent irreversible disability in a majority of patients. Among patients who presented with myelitis at onset, 22% revealed spinal cord lesions extending fewer than 3 vertebral segments on the spinal cord MRI, which is slightly higher than the 14% with an initial myelitis attack reported in previous studies. 26, 27 Thus, clinicians should be careful not to exclude the possibility of NMOSD in patients who present with short transverse myelitis. Consistent with previous reports, 8, 11, 28, 29 clinical features and outcomes differed according to age at onset. Late adult onset patients seemed to more frequently have myelitis at onset, irreversible severe motor disability from the first attack, and severe motor disability at last follow-up despite shorter disease duration, but less frequent ON at onset than other groups.
Heterogeneity of NMOSD and the differences in clinical features may be mainly genetic in origin. Human leukocyte antigen (HLA) predisposition has been suggested as a genetic factor associated with NMOSD. In Japanese and Chinese patients, NMOSD susceptibility is associated with the HLA-DPB1*0501 allele, 30, 31 whereas in Caucasian, Afro-Caribbean, and Indian patients, it is associated with the HLA-DPB1*03 allele, [32] [33] [34] with no association between the HLA-DPB1*0501 allele and NMOSD in Caucasian patients. 35 However, more genetic studies are required to identify specific genes related to NMOSD pathogenesis and to understand how these genes may influence variability in phenotype and disease activity among racial groups.
In 2015, new NMOSD criteria were proposed, allowing an NMOSD diagnosis in patients without anti-AQP4 antibody serostatus 1 on the basis of the presence of at least 2 core clinical features, at least one of which should be ON, myelitis, or APS. However, these criteria do not consider race and its potential influence on NMOSD manifestation. In the current study, we found that 5 core clinical features, except symptomatic cerebral syndrome, did not differ across racial groups: cerebral syndrome was most frequently observed in Asian (21%) followed by Afro-American/Afro-Caribbean (11%) and Caucasian (3%) patients. These findings may explain why cerebral lesions on MRI have been reported occasionally in Asian patients with NMOSD, [36] [37] [38] [39] but rarely in Western case series. When we compared the proportion of patients who satisfied the 2015 criteria among the races, assuming an unknown anti-AQP4 antibody status, results revealed that the proportion of Afro-American/Afro-European patients was higher than that of the other racial groups at disease onset because of more frequent attacks involving multiple sites. However, when we compared the proportion of patients who satisfied the 2015 criteria after the third attack, the proportion of Caucasians (61%) was less frequent than that of Asians (72%) and Afro-American/Afro-Europeans (77%) because a higher proportion of Caucasian patients experienced a subsequent event in the same location. Of note, without a positive anti-AQP4 antibody test, about 30% of the total cohort did not satisfy the 2015 criteria even after the third attack. Therefore, an anti-AQP4 antibody test is required to diagnose NMOSD early in some patients, particularly more so in Caucasian than in Asian and Afro-American/Afro-European patients.
NMOSD may be a more aggressive disease in Afro-American/ Afro-European patients than in Caucasian and Asian patients, and thus, Afro-American/Afro-European patients have a greater risk of severe disability during the early phase of the disease. Despite these differences, the risk of attaining severe motor or visual disabilities at last follow-up in Afro-American/ Afro-European patients was not different from that in Asian and Caucasian patients in the present study. These results are inconsistent with previous studies that reported worse outcome in Afro-Caribbean than in Caucasian patients. 11, 14, 18 These discrepancies may be attributable to treatment factors. Earlier initiation of immunosuppressive therapy in AfroAmerican/Afro-European than in Asian patients and the higher proportion of patients who were treated with mycophenolate mofetil as first-line therapy in Afro-American/AfroEuropean than in Caucasian patients might have influenced the final outcome. In the multivariable analysis, a higher number of attacks before and after immunosuppressive therapy but not race was a strong independent predictor of severe motor disabilities at last follow-up.
Because our cohort was not population-based, there are inherent limitations in terms of site participation, patient selection, and reporting biases. Race was not classified consistently in this study, and classification of race based on phenotypical traits and impressions of probable geographic ancestry and cultural identity was not reflected at the genetic level. In addition, we cannot rule out the influence of other factors, such as timing and type of acute treatment and heterogeneity in immunosuppressive treatment regimens on final outcomes, and other potential sources of ethnic disparities derived from health care professional-related factors. Limitations notwithstanding, this study contributes to the limited literature on the differences among racial groups. The major strengths of the present study included the large sample size and multicenter cohort from different countries, which allowed us to compare clinically important variables by race and to adjust for potential confounders of the relationship between race and residual disabilities.
Race contributes to the heterogeneity of NMOSD clinical manifestations. Considering that cerebral attacks and brain MRI abnormalities develop more frequently in Asian and Afro-American/Afro-European patients, clinicians should
give more attention to distinguishing NMOSD from multiple sclerosis in these non-Caucasian patients. Because severe attacks were more frequent in Afro-American/AfroEuropean than in Asian and Caucasian patients, these patients may need more potent immunosuppressive therapy to prevent worsening of disability. Race is important for determining disease manifestation and activity, but early and effective treatment is more important for determining longterm outcomes. Better understanding of the racial differences in NMOSD may yield important insight into NMOSD pathogenesis, improve early diagnosis, and help in identifying the best treatment strategy, tailored to the needs of individual target populations.
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